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HIGH VOLTAGE SEMICONDUCTOR 
DEVICE HAVING HIGH BREAKDOWN 

VOLTAGE AND METHOD OF FABRICATING 
THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of US. application Ser. 
No. 10/024,475, ?led Dec. 21, 2001, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a high voltage semicon 

ductor device and a method of fabricating the same, and 
more particularly, to a high voltage semiconductor device 
having a high breakdown voltage and a method of fabricat 
ing the same. 

2. Description of the Related Art 
A strong electric ?eld is generated at the inside or edge of 

a high voltage device, which reduces the breakdown voltage 
of the high voltage device. A representative method of 
preventing a strong electric ?eld from being generated at the 
edge of the high voltage device is to use a ?oating ?eld ring 
(also called a ?eld limiting ring). The ?oating ?eld ring, 
which is formed around a main junction without any electric 
contact, reduces the concentration of an electric ?eld at a 
cylindrical junction by extending the boundary of a deple 
tion area which is formed by an application of a reverse bias 
to the main junction. To increase the effect of the ?oating 
?eld ring, a plurality of ?oating ?eld rings can be formed and 
will be described with reference to FIG. 1. 

FIG. 1 is a cross-sectional view of a junction termination 
of a high voltage semiconductor device using a plurality of 
?eld limiting rings. Referring to FIG. 1, an n+-type collector 
area 11 is formed on an n+-type collector area 10. A p-type 
base area 12 is formed on an upper surface of the n_-type 
collector area 11. An n+-type emitter area 13 is formed on an 
upper surface of the p-type base area 12. Meanwhile, a 
plurality of ?oating ?eld rings 14a, 14b, and 140, which are 
spaced apart from the p-type base area 12, are formed on the 
surface of the n_-type collector area 11. Only three ?oating 
?eld rings are shown in FIG. 1, however, more ?oating ?eld 
rings may be formed. An n+-type channel stopper 15 is 
formed on an upper surface of the n_-type collector area 11 
at regular intervals from the ?oating ?eld ring 140 farthest 
from the p-type base area 12. An emitter electrode 16, a base 
electrode 17, a collector electrode 18 and an equipotential 
electrode 19 are formed to be electrically connected to the 
emitter area 13, the base area 12, the collector area 10, and 
the channel stopper 15, respectively. The electrodes 16, 17, 
18, and 19 are insulated from one another by dielectric 
layers 20. Meanwhile, a plurality of plates 21a, 21b, and 210 
are formed on the dielectric layer 20 above the ?oating ?eld 
rings 14a, 14b, and 140. 

In a high voltage semiconductor device having the above 
described structure, in a case where reverse bias is applied 
to a pn junction formed by the n-type collector area 11 and 
the p-type base area 12, a depletion area extends to each area 
around the ?oating ?eld rings 14a, 14b, and 140. As a result, 
the concentration of an electric ?eld at a cylindrical junction 
is reduced and thus the breakdown voltage of the device 
increases. 

This method of using a plurality of ?oating ?eld rings is 
effective in improving the breakdown voltage of devices, 
however, demands a wider junction termination area. 
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2 
Besides this method of using ?oating ?eld rings, a method 

of using ?eld plates, etch contour technology, bevel edge 
termination technology, junction termination extension tech 
nology, variation lateral doping technology, and a method of 
using a semi-insulating polysilicon layer are well known as 
ways of preventing generation of a strong electric ?eld at a 
junction terminal. However, these methods all demand a 
wide junction termination area to obtain a high breakdown 
voltage. 

SUMMARY OF THE INVENTION 

To solve the above problems, it is a ?rst object of the 
present invention to provide a high voltage semiconductor 
device having a high breakdown voltage and a narrow 
junction termination. 

It is a second object of the present invention to provide a 
method of fabricating the high voltage semiconductor 
device. 

Accordingly, to achieve the above ?rst object, there is 
provided a high voltage semiconductor device. The high 
voltage semiconductor device includes: a high concentration 
collector area of a ?rst conductive type; a low concentration 
collector area of a ?rst conductive type formed on the high 
concentration collector area; a base area of a second con 
ductive type formed on the low concentration collector area 
and having a trench which penetrates the low concentration 
collector area in a vertical direction at the edge of the trench; 
a high concentration emitter area of a ?rst conductive type 
formed on a predetermined upper surface of the base area; 
and an emitter electrode, a base electrode, and a collector 
electrode isolated from one another and connected to the 
emitter area, the base area, and the collector area, respec 
tively. The high voltage semiconductor device further 
includes a dielectric layer which ?lls the trench. 

To achieve the second object, there is provided a method 
of fabricating a high voltage semiconductor device. A semi 
conductor substrate having a high concentration collector 
area and a low concentration collector area of a ?rst con 

ductive type is prepared. A base area of a second conductive 
type is formed on the low concentration collector area. A 
high concentration emitter area of a ?rst conductive type is 
formed on a predetermined upper portion of the base area. 
A trench penetrating the base area and the low concentration 
collector area is formed at the edge of the base area, spaced 
apart from the emitter area. An emitter electrode, a base 
electrode, and a collector electrode are formed to be con 
nected to the emitter area, the base area, and a semiconduc 
tor substrate, respectively. The trench is preferably formed 
using a reactive ion etching method. The reactive ion etching 
is performed using Cl2 or SP6 as a reaction gas. 

The width of the trench is 1/10 times the depth of the trench. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objectives and advantages of the present 
invention will become more apparent by describing in detail 
a preferred embodiment thereof with reference to the 
attached drawings in which: 

FIG. 1 is a cross-sectional view illustrating a junction 
termination of a high voltage semiconductor device using a 
plurality of conventional ?eld limiting rings; 

FIG. 2 is a cross-sectional view illustrating a junction 
termination of a high voltage semiconductor device accord 
ing to the present invention; 
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FIGS. 3A through 3C and 4A through 4C are cross 
sectional views for describing the effect of the present 
invention; 

FIG. 5 is a graph showing a breakdown voltage of a high 
voltage semiconductor device according to the present 
invention based on the width of a trench; 

FIGS. 6 through 9 are cross-sectional views showing a 
method of fabricating a high voltage semiconductor device 
according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, preferred embodiments of the present inven 
tion will be described in detail with reference to the attached 
drawings. However, the embodiments of the present inven 
tion can be modi?ed into various other forms, and the scope 
of the present invention must not be interpreted as being 
restricted to the embodiments. The embodiments are pro 
vided to more completely explain the present invention to 
those skilled in the art. In the drawings, the thicknesses of 
layers or regions are exaggerated for clarity. Like reference 
numerals in the drawings denote the same members. Also, 
when it is written that a layer is formed “on” another layer 
or a substrate, the layer can be formed directly on the other 
layer or the substrate, or other layers can intervene therebe 
tween. 

FIG. 2 is a cross-sectional view of a junction termination 
of a high voltage semiconductor device according to the 
present invention. Referring to FIG. 2, a low concentration 
?rst conductive type, e.g., an n_-type, collector area 210 is 
formed on a high concentration ?rst conductive type, e. g., an 
n+-type, collector area 200. A second conductive type, e.g., 
a p-type, base area 220 is formed on the n_-type collector 
area 210. An n+-type emitter area 230 is formed on an upper 
surface of the p-type base area 220. An emitter electrode 
240, a base electrode 250, and a collector electrode 260 are 
formed to be connected to the n+-type emitter area 230, the 
p-type base area 220, and the n+-type collector area 200, 
respectively. The emitter electrode 240 and the base elec 
trode 250 are insulated from each other through a dielectric 
layer 270. 
A trench 280, which penetrates the p-type base area 220 

and the n_-type collector area 210, is formed at the edge of 
the p-type base area 220. The trench 280 may be ?lled with 
a dielectric layer 290 such as an oxide layer. The depth of the 
trench 280 may vary based on the desired breakdown 
voltage. For example, for the breakdown voltage to be in the 
range of about 500 V~2000 V, the depth of the trench 280 
must be about 50~200 pm. In this case, it is preferable that 
the width W of the trench 280 is 1/10 times the depth of the 
trench 280, i.e., about 5~20 um. The shape of a depletion 
area varies depending on the width W of the trench 280. A 
breakdown voltage property of a device varies depending on 
the shape of the depletion area. This will be described in 
detail with reference to drawings. 

FIGS. 3A through 3C are cross-sectional views showing 
the depletion areas formed if the width of the trench 280 of 
the high voltage semiconductor device according to the 
present invention is 1 pm, for three different collector 
voltages. 

In detail, in FIG. 3A, a depletion area 300, which extends 
toward the n_-type collector area 210, is curved toward the 
trench 280 (See “A”) if the width of the trench 280 is 1 um 
and the collector voltage is 100 V. In other words, a planar 
junction e?fect creating the highest breakdown voltage does 
not show. This phenomenon gets more serious as collector 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
voltage is increased. In FIG. 3B the collector voltage is 200 
V and in FIG. 3C the collector voltage is 300 V. As can be 
seen, the depletion area 300 is more seriously curved at the 
A area close to the trench 280 as the collector voltage 
increases. Thus, a reduction in breakdown voltage at this 
area results in reduction of the entire breakdown voltage of 
the device. 

FIGS. 4A through 4C are cross-sectional views of deple 
tion areas formed if the width of the trench 280 of the high 
voltage semiconductor device according to the present 
invention is 10 pm, for three different collector voltages. 
As shown in FIG. 4A, if the collector voltage is 500 V, the 

depletion area 300, which extends toward the n_-type col 
lector area 210, is planar toward the trench 280 (See “A”). 
The planar junction e?fect creating the highest breakdown 
voltage shows. As a result, breakdown voltage is consider 
ably increased at a junction termination of the device. In 
FIG. 4B, if the collector voltage is 1000 V, the depletion area 
300 is still planar toward the trench 280. In FIG. 4C, if the 
collector voltage is 1500 V, the depletion area 300 is still 
planar toward the trench 280. Here, the depletion area 300 
shows an ideal planar junction property. 

FIG. 5 is a graph showing variation in the breakdown 
voltage of a high voltage semiconductor device based on 
variation in the width of the trench of the high voltage 
semiconductor device according to the present invention. As 
shown in FIG. 5, breakdown voltage levels off under a 
saturated condition when the width W of the trench 280 is 
over 10 um. Meanwhile, when the width W of the trench 280 
is less than 10 pm, the breakdown voltage decreases as the 
width W of the trench 280 gets narrower. It is seen that the 
breakdown voltage is at the lowest value if the width W of 
the trench 280 is 1 pm or less. In other words, as the width 
W of the trench 280 gets narrower, a predetermined voltage 
is applied to the right area of the trench 280 due to capacitive 
coupling caused by the oxide layer 290 inside the trench 
280. As a result, a depletion area extends toward the surface 
of a substrate due to a charge neutrality condition in the 
depletion area, which causes the boundary of the depletion 
area to be curved. Finally, a strong electric ?eld is generated 
across the depletion area, thereby resulting in a relatively 
low breakdown voltage. 

Table 1 below shows aspect ratio and breakdown voltage 
based on the width of the trench of a high voltage semicon 
ductor device according to the present invention. 

TABLE 1 

Width of Trench 

1 pm 2 pm 5 pm 10 pm 20 pm 

Aspect Ratio 160:1 80:1 32:1 16:1 8:1 
Breakdown Voltage 302 V 495 V 1760 V 2310 V 2310 V 

As shown in table 1, breakdown voltage is uniformly 
about 2310 V when the trench width is over 10 um. 

Table 2 below shows breakdown voltage and junction 
termination area based on various junction termination 
structures. 

TABLE 2 

Breakdown Junction 
Junction Termination Structure voltage Termination Area 

Field Plate Structure 60 
Structure ofA plurality of Field 80 100 

Limiting Rings 
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TABLE 2-continued 

Breakdown Junction 
Junction Termination Structure voltage Termination Area 

Etch Contour Structure 90 64 
Bevel Edge Terrnination Structure 100 
Junction Terrnination Extension 95 75 

Structure 
Serni-dielectric Polysilicon Layer 80 36 

Structure 
Trench Structure of Present Invention 92 4 

Table 2 shows relative breakdown voltages based on a 
bevel edge termination structure having a breakdown volt 
age of 100, and relative junction termination areas based on 
a structure of a plurality of ?eld limiting rigs having a 
junction termination area of 100. As shown in table 2, a high 
voltage semiconductor device obtains 92% of the break 
down voltage of the bevel edge termination structure and 
requires only 4% of the junction termination area required 
by the structure of a plurality of ?eld limiting rings. 

FIGS. 6 through 9 show cross-sectional views for describ 
ing a method of fabricating a high voltage semiconductor 
device according to the present invention. Referring to FIG. 
6, a ?rst high concentration conductive type, e.g., an n+-type, 
semiconductor substrate 200 is used as a high concentration 
collector area. A ?rst low density conductive type, e.g., an 
n_-type, collector area 210 is formed on the n+-type semi 
conductor substrate 200. It is preferable that the n_-type 
collector area 210 is formed to a thickness appropriate for a 
desired breakdown voltage, within the range of about 
50~200 urn, using an epitaxial growth method. A second 
conductive type opposite to a ?rst conductive type, e.g., 
p-type, impurity ions are implanted into the n_-type collector 
area 210. Next, a p-type base area 220 is formed on the 
n_-type collector area 210 by performing a drive-in diffusion 
process. The drive-in diffusion process is performed for a 
long time at a high temperature of about 12000 C. or more 
and thus the implanted impurity ions are diffused. An oxide 
layer 270 is formed on the p-type base area 220 by per 
forming a thermal oxidation process. 

With reference to FIG. 7, a mask pattern, e.g., a photo 
resist layer pattern (not shown), is formed on the p-type base 
area 220 and the oxide layer 270. An opening 271 for 
opening a portion of the p-type base area 220 on which an 
n+-type emitter area will be formed is made at a portion of 
the oxide layer 270 by an etching process. Then, n-type 
impurities are implanted into the portion of the p-type base 
area 220 on which the n+-type emitter area will be formed 
using the oxide layer 270 as an impurity implantation mask. 

Referring to FIG. 8, an n+-type emitter area 230 is formed 
on the portion of the p-type base area 220 by drive-in 
diffusing the n-type impurities implanted into the p-type 
base area 220. The oxide layer 270 is re-grown by a thermal 
oxidation process. A photoresist layer pattern 520 is formed 
on the oxide layer 270 which covers the surfaces of the 
p-type base area 220 and the n+-type emitter area 230. The 
photoresist layer pattern 520 has an opening 530 for expos 
ing a portion of the oxide layer 270. 

With reference to FIG. 9, the oxide layer 270 is etched 
using the photoresist layer pattern 520 as an etching mask 
and then the photoresist layer pattern 520 is removed. A 
reactive ion etching process is performed using the oxide 
layer 270 as an etching mask, thereby forming a trench 280 
of uniform width which penetrates the p-type base area 220 
and the n-type collector area 210. In more detail, the 
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6 
structure body of FIG. 8 is loaded into a reactive ion etching 
chamber and anisotropic etching is performed by forming 
chlorine-based plasma or ?uorine-based plasma. It is pref 
erable that C12 is used as a reaction gas for forming the 
chlorine-based plasma and SP6 is used as a reaction gas for 
forming ?uorine-based plasma. The depth D of the trench 
280 varies based on a desired breakdown voltage. For 
example, the depth D of the trench 280 should be about 
50~200 um and the width W of the trench 280 should be 1/10 
times the depth D, i.e., about 5~20 pm to obtain a breakdown 
voltage of about 500~2000 V. 
When the reactive ion etching process is completed, the 

surface and inside of the trench 280 is ?lled with a dielectric 
layer 290 such as an oxide layer by a chemical vapor 
deposition method. An opening is formed to expose an 
emitter contact portion and a base contact portion using a 
mask layer. An emitter electrode 240 connected to the 
n+-type emitter area 230 and a base electrode 250 connected 
to the p-type base area 220 are formed. Next, a collector 
electrode 260 is formed to be connected to the n+-type 
semiconductor substrate 200. 
As described above, in fabricating a high voltage semi 

conductor device according to the present invention, a 
trench is formed through a p-type base area and an n_-type 
collector area to a predeterrnine depth using a reactive ion 
etching process. As a result, a depletion area at a junction 
termination can approach an ideal planar junction structure 
and thus breakdown voltage can be improved. Also, a 
channel stopper and an equipotential electrode are unnec 
essary and forming a relatively narrow trench requires a 
considerably narrow junction termination area compared 
with other junction termination structures. In terms of the 
fabrication method, a mask layer is additionally used when 
forming the trench, not when forming the base area. Thus, it 
is possible to fabricate a high voltage semiconductor device 
according to the present invention by using the same number 
of masks as are necessary for fabricating a common high 
voltage semiconductor device. 

What is claimed is: 

1. A high voltage semiconductor device, comprising: 
a high concentration collector area of a ?rst conductive 

type; 
a low concentration collector area of a ?rst conductive 

type formed on the high concentration collector area; 
a base area of a second conductive type formed on the low 

concentration collector area and having a trench which 
penetrates the low concentration collector area in a 
vertical direction at a junction termination; 

a high concentration emitter area of a ?rst conductive type 
formed on a predetermined upper surface of the base 
area; and 

an emitter electrode, a base electrode, and a collector 
electrode isolated from one another and connected to 
the emitter area, the base area, and the collector area, 
respectively, 

wherein the depth of the trench is 504150 urn. 
2. The high voltage semiconductor device of claim 1, 

further comprising an oxide layer which ?lls the trench. 
3. The high voltage semiconductor device of claim 1, 

wherein the width of the trench is about 1/10 the depth of the 
trench. 


